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CHAPTER 3 
 
 
RESEARCH METHODOLOGY 
 
 
3.1 Introduction 
 
 This chapter focuses on the production details of geopolymer binder with the 
addition of alternative chemical reagents. Geopolymer is one of the potential cement 
substitute material, nevertheless it lacks the suitable commercial admixtures to modify 
the early reaction of geopolymer binder. The purpose of this research is to evaluate the 
performance of alternative chemical reagents in fly ash based geopolymer binder. Fly 
ash based geopolymer binder was added with different chemical reagents such as citric 
acid, sodium nitrate, sucrose, calcium nitrate and di-potassium hydrogen phosphate in 
various percentages. The inclusion of chemical reagents was expected to improve the 
setting time, workability and mechanical performance of the geopolymer binder. In this 
research, the testing was conducted in two conditions, which are during fresh and 
hardened state. Setting time and workability test were conducted on the fresh paste, 
while the degree of reaction, compressive strength, porosity, EDX and SEM testing 
were conducted on the hardened specimens. t- test was selected as the statistical 
analysis method to determine the effectiveness of the data while SYSTAT was used to 
deliberate the interrelationships between pairs of variables that affect polymerization of 
geopolymer precursors to the geopolymer properties. Figure 3.1 shows the flow of the 
research methodology that was performed throughout the research period.  
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Figure 3.1: Flow chart of research methodology 
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3.2 Material Preparation 
 
 In this research, three types of raw materials were used, which are fly ash, 
alkaline activator (sodium hydroxide and sodium silicate) and chemical reagents 
(sodium nitrate, citric acid, sucrose, calcium nitrate and di-potassium hydrogen 
phosphate).  
 
3.2.1 Fly Ash 
 
 Fly ash was used as the primary source material in this research. It was classified 
as Class C fly ash and was obtained from Manjung Coal – Fired Power Plant, Perak as 
shown in Figure 3.2. The chemical compositions of fly ash were determined using X-
Ray Fluorescence (XRF) analysis and tabulated in Table 3.1. From Table 3.1, SiO2 
(36.37 %), Al2O3 (17.57 %), Fe2O3 (12.43 %) and CaO (10.58 %) were detected as the 
major oxides in fly ash with 1.19 % Loss on Ignition (LOI).  
 
Table 3.1: Oxide composition of fly ash 
 
Oxide % wt 
Al2O3 17.57 
SiO2 36.37 
P2O5 0.28 
SO3 1.39 
K2O 1.77 
CaO 10.58 
TiO2 0.88 
Fe2O3 12.43 
SrO 0.12 
Mn2O3 0.11 
MgO 3.05 
LOI 1.19 
 
 
